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SUMilL^RY 



An experimontal study '-Ne.s made to determine the effect of arti- 
ficial aging on the tensile properties of alclad 24S-T and 24S-T 
alviiuinum-alloy sheet material. The results of the tests show that 
certain combinations of a^ing time and temperature cause a marked 
increase in the yield strength and a small increase in the ultimate 
strength; these increases are accompanied by a very large decrease 
in elongation, 

A curve is presented that shows the maximum yield strengths that 
can be obtain'.'d by aging this material at various combinations of time 
and temperature. The higher values of yield stress are obtained in 
material aged at relatively "longer times and lower temperatures. 



INTROD^.TCTTON 

In the design of an airplane, weight control is a loading problem. 
Every part of the airpia le must be so designed or rjelocted as to elimi- 
nate unnecessary v;eight. One of the most import/Mit items that contri- 
bute to the gross weight of the airplane is the structure. For this 
.reason, the airplane structure is examined most critically for elimina- 
tion of unnecessary weight. The continuing advances in methods of 
analysis are an important factor for bringing about a reduction in weight 
of the airplane, but the airplane design^^r and builder must, in addition, 
utilize other methods for combating the trend toward increased struc- 
tural v;eight. One of the most direct- methods is to improve the strength 
prop'-^rties of materials already available or in current production. 
This method has the very important advantage that it can be put into use 
v/ith a minimum of delay and interruption to established methods of 
production. 
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A niLTibor of aircrsft companies are now conoidoring the use of 24S-T 
aluminuju alloy of which the strength proportios have been improved by 
artificial aging. This report presents the results of tensile tests on 
alclad 24S-T and 24S-T aluminum-alloy sheet material that has been artifi- 
cially aged at various combinations of temperature and time. 



IIAT15RIAL FOR ARTIFICIALLY AGBD TEST SPgCIM3I\iS 



As the purpose of these tests is to present the results that can be 
obtained by artificial aging of commercially obtainable material, specimens, 
of the dimensions shovm in figure 1, v:ere cut from sheets selected from 
alclad 24S-T and 24S-T aluminuin alloy as received from the manufacturer. 
The stretchin;;; and rolling operations performed on aluminum alloy at the 
mills are approximately equivalent to the cold work done in giving the she3t 
a permanent elongation of 1 percent (reference 1). The extent to which 
the strength properties of 24S-T aluminum alloy can be improved by arti- 
ficial aging is dependent upon the amount of cold work performed on the 
material prior to the aging process (reference l)» It is therefore neces- 
sary that the material be of uniform quality'' .?.s regards the amount of cold 
work performed prior to aging in order that consistent results be obtained 
from the artificial aging. 

For the tests reported lierein, the cutting of the 24S-T and the 
alclad 24S-T specimens from single sheets of each material assured 
uniformity of the specimens as regards the degree of cold work perfomed 
upon them. That the material v/as uniform as regards cold v:ork is in- 
dicated by the consistent trends: established by the test data in figures 
2 and 3. The extensive adoption of the artificial aging process would 
necessitate that close regulation be maintained on the uniformity of and 
the amount of cold v/ork performed on the aluminum alloy. 



TEST S?:JCIH31B 

The test specimens were stamped from single sheets of 0.0S4-inch 
alclad 24S-T and 24S-T aluminum alloy by moans of a die. In the test 
portion of the specimen, the sheared edges wore carefully hand filed to 
remove the slightly turned edge left by the stamping die. One specimen 
was inade for each combination of time and temperature investigated. 

Artificial aginp: of the specimens was performed in an electrically 
heated air furnace, and the specimens were cooled in air at room tempera- 
ture. The test specimens were placed in the furnace, v;hich was at 
the desired temperature, and the aging time was taken as the entire 
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period durinr^ which eech specimen was in the furnaco. The 
results are therefore representative of the values obtained 
v/ith material that is artificially aged in the same manner. 

The data for the tensile stress-strain curve v;ere obtained for 
each specimen to a value of strain beyond that at the 0.2-percent- 
LTN offset yield stren,^th. Strains v;ere measured by tv;o Tuckerman optical 

^ strain ^ages of 2-inch gage length attached to opposite sides of the 

v-^ test specimen. The elongation at failure was determined by measuring, 

after failure, the increase in length of the initial 2-inch gage length 
of the tost specimen to the nearest 0.01 inch. 



TEST RESULTS ANP DISCUSSION 

The results of the tensile tests on the artificially aged test 
speciiaons are given in figures 2 to 5. 

Figure. 2 shov/s the variation in the ultimate strength, the yield 
strength, and the olong^^ tion of alclad 24S-T material that is sub- 
jected to artificial aging for periods of 2, 4, 6, 7, and 10 hours at 
temperatures that vary from 100^ to 500^ F. The important information 
contained in this figure is that a substantial increase in yield strength 
and decrease in elongation occur in the material v;hen aged in the 
temperature range of 340^ to 400^ F. In this temperature range, a 
small increase in the ultimate strength of the material also occurs. 

The most docireble result obtained from artificial aging is the 
large increase in yield strength. Although this report presents 
only the results of tensile tests, some compression tests have been per- 
formed on artificially aged material and these tests indicated that 
the compressive yield strength vms increased in essentially the same 
way as the tensile yield strength. By taking into account the increase 
in yi-ld strength, the airplane designer can effect substantial reduc- 
tions of weight in certain p&.rts of tiie airplane. For example, the 
full increase in yield strength can be utilized in the design of com- 
pression members so proportioned and supported that they will not fail 
by instability before the compressive yield strength is reached. In 
the case of t^^^nsion mambers, only a part of the increase in yield 
strength can be utilized undjr present design requirements b-cause these 
requirements specify a definite ratio of allowable yield stress to 
ultimate stress, and the ultimate strength of the artificially aged . 
m?iterial is not increased in the sar^.e proportion as is the yield strength. 

The increase in yield strength is accompanied by a change in the 
elongation in 2 inches from about IS percent to about 6 percent. This 
decrease in elongation v;ill undoubtedly add to the difficulty of 
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forniing the material during, frbri cation. In many cases, hov;ever, the 
added difficulty cm be avoided by coiapletin^; the forming operations 
prior to artificial aging. 

Fic^ro 2 also chov:s that for any aging time the temperature must 
be maintained v/ithin, a rauf.e of +L^P of the optiraam value in order 
that the best increase of yield strength may be obtained. This 
standard of temperature maintenance is readily .'..ttainhble v/ith modern 
hoat-tr-^ating equ.ipnent. 

The v:.rir.tiun in yield strength of alclad 24S-T material that is 
subjected to artificial aging at constant: teraperatures for vorying 
periods of time is shov/n in f^gure 3. It will be noted on this figure 
that for values of temperature above 330'^ F thei'e is an afing time 
wliich v^ili result in a inaximum increase of yield strength. For aging 
timec less than or greater th&n the optimum time, lower vr-lucs of yield 
stress vdll be obtained. At temperatures in ex'jess of 425^ F, the 
aging time becomes very critical. The danger of underaging or over- 
aging of the material with consequent large decr^.-ase of yield strength 
is quite s-rious. For this reason, aging temperatures in exc^'ss of 
425^ F are not feasible for productien vrhere the character of the work 
is changing' and where it is difficult tc determir.e ihe exact time o.t 
which the material reaches the aging temperature. At aging temperatures 
of 400° F and lower, two important advantages exist; namely, higher 
absolute values of yield si.rength can be obt-Tdned and thare is a consider- 
able range of time at wliich aging may be terminated without appreciable 
loss of yield strength by reason of small amounts of underaging or 
overaging. 

Figure 4 presents a curve of yield-strength maximums for various 
combinations of time and temperature. Within the range of values 
covered by this investigation, this curve shovjs that, as aging tempera- 
ture decreases, the aging time required for oest yield strength increases. 
The curve also shows that the higher values of yield strength are obtained 
at the combinations of lower temperatures and longer aging times shown 
on this figure. 

Figure 5 shov;s the variation of the tensile properties of 24S-T 
with temperature I'cr a constant aging time of 2 hours. When figure 5 
is compared with figure 2, it is evident that 24C-T material responds 
to artificial aging in a raanner similar to alclad 24S-T. 

the test specimens v/hich were ared for G hours at various temper- 
atures are shown after i'racture in figure 6. The change in elongation 
is clearly seen in the final lengths of the specimens. The character- 
istic fractures that occurred at the various temperatures for er^ch aging 
time are also shovm.. At temperatures below the range of critical aging 
temperatures, as in the 100^ F and 200° F specimens on figure 6, the 
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fracture ^vas rionrial to the direction of the load but was inclined 
at 45^ to the thickness of the material. In and beyond the region 
of temperature.'? corresponding to the greatest decrease of elongation, 
temperatures of 370^ F and higher, the fracture changed to one that was 
inclined at 30^^ to the width of the specimen. The surface of the 
fracture v:as relatively smooth for the material aged below the critical 
^ temperatures but it became very rough and irregular in the specimens 

c\J aged et the higher temperatures. In the transition range of tempera- 

\-^ tures, the fracture was pertly of both types as shown by the specimens 

marked 330^ F and 350^ F in figure 5. 



STRESS-STRAIN OTRV.^S 



The tensile stress-strain curves for the specimens tested are 
shown in figures 7 to 12. The 0. ^-percent-offset yield strength is 
indicated on each str^'ss-strain curve by a short intercept line. These 
yield strengths were used in preparing figures 2 to 5. The stress- 
strain curves show that the modulus of elasticity is substantially the 
same for the combinations of temperature and time included in this in- 
vestigation. It can be observed, hov;evcjr, that as the aging tempera- 
ture incr;?ases tlio initial part of the stress -strain curve tends to de- 
velop more curvature, v:hich indicates a trend tcv/ard reduction of the 
proportional limit at the higher aging temperatures. 

CONCLUSIONS 



Artifici£3l aging of alclad 24S-T aluininum-alloy sheet material in 
the as-received condition produces a substantial increase in yield 
strength, a sm.all increase in ultimate strength, and a large decrease in 
elongation. 

The artificial-aging process produces essentially the same effect 
on 24S-T sheet material as on alclad 24S-T sheet material. 

At any riven temperature there is an optimum value of aging time re- 
quired to obtain maximum value of yield strength. In general, the aging 
time required to acliieve maximmi yield strength becomes less as the 
temperature increases. 

The range of aging temperatures for which a substantial increase in 
the yield strength is noted is small. 



Langley Moxmorial A-ronauticr..l Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va, . 
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L-257 




180 ZZO 

iGrmpGraturG. 

Figure 2. - Icnsilc propertici of alclad 24S-T aluminum alloy 
constant periods of time at various tcnapcratures. 
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Figure 5."Tc205ilc yield strength for alclad 245'Taluminurr) 
dIloY aged atconstaot'temDeratu res and various tinnGS. 
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Figuro 4. - Critical values of tim<2 and tGrnpcraturc 
for maximunn t^icld strength. 
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Figure 6.- Artificially aged test specimens after fracture. 
Aging time 6 hours. 
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FiOT-re 11.- Stress-strain curves for alclad 24S-T al-uminmn. alloy aged for ten hours at 

various temperatures. m 




Figure 1?.- Stress-strain curves for 2-iS-T al-oinin-ain alloy agei for tv/o hours at various ^ 
t einp e ra t ur e s . ^ 



